Analysis of Tissue Responses to Glass Implants xB2O3 (1-X) Bi2O3 in Wistar Rats by BOLFĂ, Pompei et al.
 21 
Bulletin UASVM, Veterinary Medicine 66(1)/2009 
ISSN 1843-5270; Electronic ISSN 1843-5378 
 
 
Analysis of Tissue Responses to Glass Implants xB2O3 (1-X) Bi2O3 in Wistar 
Rats 
 
BOLFĂ P., UDREA Elena, NAGY A., TĂBĂRAN F., CUC Cosmina, TĂULESCU M., 
CĂTOI C., MOUSSA R., ŞTEFAN R. 
 
University of Agricultural Sciences and Veterinary Medicine, Faculty of Veterinary Medicine, 3-5, 
Mănăştur Street, 400372, Cluj-Napoca, Romania, e-mail: pompeibolfa@gmail.com 
 
Abstract. The aim of this study was to evaluate rat soft tissue reactions to glass xB2O3 (1-x) 
Bi2O3 by using a histological analysis. Glass (0.01 g) in glycerin (0.1 ml) was implanted into the 
cervical, interscapular and lumbar subcutaneous space of Wistar female rats (n=16). We used eight 
types of glasses, and injected eight lots of animals with gradient different Boron and Bismuth 
concentrations.  Tissue specimens were analyzed at the biological time points of 7, 14 and 28 days by 
optical microscopy. A massive inflammatory reaction with an intense foreign body reaction and an 
increased invasion of fibrovascular tissue was observed by day 7-14 post-inoculation. The 
granulomatous foreign body reaction increased at 28 days. Cell population changed from mainly 
neutrophils, lymphocites, mast cells, eosinophils, and fibroblasts to mainly lymphohistiocytes, 
macrophages and epitheloid cells with increase neoangiogenesis after 28 days.  
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INTRODUCTION 
 
The search for materials adequate for use in the human or animal body (biomaterials) 
has been initially based on the concept of bioinertness, its principle being the fact that the 
material would not cause any reaction of the surrounding tissue. This concept has been 
change, however, due to evidence that every material causes a certain tissue response, even a 
minimum one. There are three major ways in which a biocompatible material induces 
different tissue responses: the material is biologically inert, no significant chemical changes 
occur and a fibrous capsule forms around the implant; the material is biologically active, 
presents controlled reactivity and induces the formation of a continuous interface between the 
implanted material and tissue; the material is biodegradable, it dissolves or is decomposed and 
is substituted by surrounding tissue (Wnek and Bowlin, 2008).  
Borate glasses present the advantage of a reduced chemical durability, they promote 
the adhesion of mesenchimal stem cells and induce their differentiation in osteoblats. Bi2O3 is 
incorporated in products for the obturation of the pulp chanel. Bismuth is currently used in the 
wound therapy from the oral and nasal,cavities, as well as for infections of the pharynx and 
larynx. Bismuth is also known to be an antibacterian hemostatic agent, reduces wound 
colonisation, and promotes granulation tissue and cicatrisation.  
Bismuth borate glasses represent a class of biomaterials not very much studied so far, 
regarding their biological properties. Glasses from the system xB2O3 (1-x) Bi2O3 were 
investigated in this study, in order to evaluate rat soft tissue reaction to them. In order to 
proceed with further studies on clinical applications it is first necessary to know the body 
reaction to different bismuth borate glasses. This study aimed to investigate the dynamic local 
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tissue reaction following subcutaneous administration of bismuth borate glasses in Wistar 
rats.  
 
MATERIALS AND METHODS 
 
The effect of bismuth borate glass was studied on Wistar rats. We used 17 adult rat 
females, clinically healthy, weighting between 220 and 280 grams. Eight experimental lots 
were formed (1 to 8), each composed of two animals, and one female rat was used as a 
witness. The eight glass types (table 1), from the system xB2O3 (1-x) Bi2O3 were obtained 
through melting an homogenous mix of Bi(NO3)3 and H3BO at 1050oC for ten minutes, 
followed by rapid cooling at room temperature. After the cooling, samples were mortared 
obtaining fine powders.  
 
Table 1: 
Composition of the eight bismuth borate glasses types 
 
Sample 1: B2O3=0,76 % ;Bi2O3=0.93% Sample 2: B2O3=0,1%;  Bi2O3=0,9% 
Sample 3: B2O3=0,2 %; Bi2O3= 0,8% Sample 4: B2O3=0,33%; Bi2O3=0,67% 
Sample 5: B2O3=0,4%; Bi2O3 = 0,6% Sample 6: B2O3=0,625%;Bi2O3=0,375% 
Sample 7: B2O3=0,8%; Bi2O3=0,2% Sample 8: B2O3=0,9%; Bi2O3 = 0,1% 
 
All the experiment took place over a period of 50 days: 12 days for accommodation, 
28 days for the experiment, and 10 days a surveillance period. Clinical examination, 
behaviour and general status of animals was observed during the experiment and no changes 
occurred.  
During the inoculation and the sampling procedures, animals were anaesthetised using 
the following protocol: xilazin, respectively Narcoxyl 2 (Intervet) 0.04 ml/animal and 
ketamine, respectively the commercial product Ketaminol 10, (Intervet) 0,12 ml/animal.  
In day 0, each of the sixteen animals was inoculated subcutaneously with the eight glasses in 
three body regions: cervical, interscapular and lumbar. We used 0.01 g of glass incorporated 
in 0.1 ml of glycerine for each inoculation site.  
Tissue responses to glass implants xB2O3 (1-x) Bi2O3 in Wistar rats has been evaluated 
at the time points of 7, 14 and 28 days. Following skin biopsy, we used a cyanoacrylate 
product for the suture of the skin, as a useful rapid and timesaving alternative to classical 
surgical suture.  
All tissue samples were than analysed post inoculation (p.i.) macroscopically and 
microscopically. For the histological examination, we used hematoxilin-eosin (HE) and 
Tricrom Masson (TM) stain. Sample examination and processing was achieved using an 
Olympus BX51 microscope and the image processing software Olympus Cell B from the 
Pathology Department of the Faculty of veterinary Medicine Cluj-Napoca. 
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RESULTS AND DISCUSSIONS 
 
 
 
 
 
  
Picture 1: A – Inflammatory infiltrate composed of eosinophils, mast cells, neutrophils and 
limphohistiocytes (7 days p.i., HEx400); B – Inflammatory infiltrate; the inoculation trajectory is visible   (7 
days p.i., HEx40); C – Foreign body granuloma (the glass implants are visible) delimited by a conjunctive 
capsule (14 days p.i., TMx100); D – Lax conjunctive tissue from the structure of the capsule that delimitates 
the forming granuloma: numerous eosinophils, limphohistiocytes, macrophages, neoformation capillaries, 
fibroblasts and fibrocytes (14 days p.i., TMx400); E – Foreign body granulomatous reaction at the level of 
subcutaneous conjunctive tissue; granulation tissue with good vascularisation appeared (28 days p.i., 
TMx50); F – Inflammatory infiltrate composed of epitheloid cells, rare eosinophils, limphohistiocytes and 
neutrophils; slight haemorrhage, with extravascular red blood cells, hemosiderosis; fibroblasts, fibrocytes and 
collagen fibers (28 days p.i., TMx400). 
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Following the subcutaneous administration of glasses from the system xB2O3 (1-x) 
Bi2O3 no macroscopically changes (colour, form) occurred in living animals. After the 
inoculation, animals from lots 5 and 6 (at 14 days) respectively 1, 2, 4, 6 and 7 (at 28 days) 
presented a nodule subcutaneously, accompanied by a congestion around it, visible at the 
biopsy.   
Histological examination of the skin samples at 7 days post inoculation revealed an 
acute inflammatory response, of exsudative type. The inflammatory infiltrate was composed 
mainly of polymorphonuclear granulocytes, lymphocites but also mast cells, eosinophils, 
around the foreign body, accompanied by a tissue necrosis. A local congestion is also present 
along with proliferation of blast endothelial cells (picture 1 A and B). These aspects were 
more intense in animals from lots 1 and 5. 
At 14 days post inoculation, the local reaction was more obvious in animals from lot 5 
and 6. The granulocytes from the local inflammatory infiltrate were gradually replaced by 
lymphohistiocyte cells which predominate. Some of these cells transformed into macrophages 
and epitheloid cells. Eosinophils along with fibroblastic proliferation and neovascularisation 
were also present (picture 1 C and D). One animal from lot 1 presented also a perivascular 
lymphohistiocyte infiltrate at the level of muscle fibers.   
At the last biopsy sampling, respectively 28 days after the inoculation of glasses, the 
local reaction was of granulomatous proliferative inflammation. Animals from lots 1, 2, 4, 6 
and 7 presented a more obvious reaction than those from other lots, respectively animals from 
lot 8 had no reaction. A white, dense, nodule was present subcutaneously in the first lots, 
accompanied by a local congestion around it. Cell population at the site of the granuloma was 
mainly formed of lymphohistiocyte and epitehloid cells. Along whith these cells plasma cells, 
eosinophils and macrophages were also present. Fibrocytes, fibroblasts and collagen fibres 
formed a conjunctive capsule around the foreign body, with an increased number of 
neoformation blood vessels, respectively a lot of young endothelial cells (picture 1 E and F).  
The most intense tissue reaction was determined by glasses used in lot 1, 5 and 6 and 
the weakest reaction, respectively no reaction was determined by glasses inoculated to lot 8, 
probably due to absorption of the material. 
In a study where bioactive glasses were inoculated to rats, the cell population was 
represented mainly of neutrophils and macrophages a4 4 and 21 days post inoculation 
(Gillette et. al., 2001). Another study, regarding the effect of 45S5 bioactive glass implanted 
subcutaneously revealed the apparition of a foreign body inflammatory reaction with intense 
proliferation of fibrovascular conjunctive tissue, the apparition of macrophages, neutrophils, 
fibroblasts and favorisation of angiogenesis (Tomilla et. al. 2008) 
 
CONCLUSIONS 
 
Following the subcutaneous administration of glass from the system xB2O3 (1-x) 
Bi2O3 to female Wistar rats, a local granulomatous inert foreign body reaction developed. At 
7 days post inoculation, the local inflammatory infiltrate was composed of neutrophils, 
lymphocytes, mast cells, eosinophils, and discrete fibrous tissue proliferation. At 14 days 
following the inoculation the granulocyte cells were gradually replaced by lymphohistiocyte 
cells, macrophages (epitheloid cells), eosinophils, fibroblasts and newly formed blood vessels. 
28 days after the inoclulatios of glasses from the system xB2O3 (1-x) Bi2O3, we noticed a 
foreign body granuloma, respectively an inflammatory reaction with a cell population 
composed of mainly of lymfohistiocyte cells, epitheloid cells, plasmocytes, eosinophils, 
fibroblast and neoformation capillaries.  
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